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ABSTRACT  
Synthesis of Core-Shell Fe3O4/C18/SiO2/[3 (2-Aminoetil amino) propyl] Trimethoxy silane 
has been conducted to study its adsorption kinetics of Cu2+ and Cr6+ ions. Fe3O4 synthesis was 
carried out to form cores that have magnetic properties. The aim of the coating C18/SiO2/[3(2-
Aminoetilamino) propyl] trimethoxy silane was to protect these cores from physical degradation 
due to acids and bases, as well as the application of synthetic materials. The sono-coprecipitation 
method showed good results under N2 gas flow with the results of black crystals. The success of 
SiO2 and [3(2-Aminoethylamino) propyl coatings the transformation of the color showed 
Trimethoxy silane into brown and weight gain of the synthesis result. Analysis of XRD data 
showed that little Fe2O3 impurities were clarified by FTIR data showing the presence of amine 
groups from the starting material. The SEM-EDX and TEM showed a spherical shape with a core-
shell system. The adsorption kinetics model was studied using two kinetics models for Cu2+ and 
Cr6+ ions. The results were demonstrated by the suitability of Cu adsorption to the pseudo order 
1, with an adsorption rate of 0.0333 min-1, whereas for Cr corresponded to pseudo order 2 with 
an adsorption rate of 0.00536 gmM-1min-1. 
   




Magnetic nanoparticles (MNPs) are 
interesting materials to be researched and 
developed because they are based on their 
size and nature. They have very broad 
applications in terms of data storage, 
biochemistry, biosensors, magnetic resonance 
images (MRI), and drug delivery systems [1]. 
The effort to increase the size and shape of 
magnetic nanoparticles or monodisperse 
system with nanometer dimensions is one of 
the important keys because the magnetic 
strength properties depend on their sizes and 
dimensions[2], [3].  
Synthesis of magnetite nanoparticles 
can be done by various methods such as 
coprecipitation, thermal decomposition, hydro-
thermal, microemulsion, and sonochemical 
[4], which can produce a variety of nano-
particle size. Despite the fact that there are 
many different types of nanoparticles, MNPs 
are particles that are often used in making the 
core, because the coating material can be 
modified with organic or inorganic material 
with the addition of various lots of functions 
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[5], [6]. For example, magnetic nanoparticles 
are used as a detector of the immune system 
bypassing blood circulation. This material is 
stable for a long time in the circulatory system 
[7].  
The coating material on the surface of 
magnetic nanoparticles will increase 
chemical stability. This stability protects the 
magnetic core from degradation at high 
temperatures, oxidation by oxygen in the air, 
or erosion by acids and bases[8], [9]. Silica is 
one of the compounds used in coating the 
magnetite core, so it has some advantages 
such as: not only protecting from physical 
stability but also preventing of agglomeration 
of the particles, controlling the thickness of 
the coating, and ease of surface modification 
with other organic compounds [10]. While the 
addition of organic functional groups on 
MNPs/Silica (SiO2), has a significant influence 
on biological ability and biodegradability. 
Addition of groups that can be done between 
aldehydes, hydroxyl groups, carboxyl groups, 
and amino groups [11]. 
Modified Synthesis of Fe3O4 
cellulose modified chitosan and poly-
acrylamide was used in decreased levels of 
Cu (II) in waste water [12], [13]. Decreasing 
of Cr (IV) level was also done by modifying 
the surface of magnetite or silica with amino 
groups [14], [15]. Although various group 
modifications have been made, the 
application into waste was still limited to one 
metal with the same charge. In this research, 
the synthesis of Fe3O4 nanoparticles was 
carried out with the addition of oleic acid 
(C18) with the combined sono-coprecipitation 
method at room temperature, with precursors 
of FeCl3 and FeSO4. As prevention of 
agglomeration, a SiO2 coating was carried 
out with modification of diamino group that 
would be bound to the surface so that it has 
a function in the adsorption of Cu2+ and Cr6+ 
ions. The adsorption kinetics was studied by 
using two-equation models that got the 
results of the rates of adsorption reaction. 
The data rate of the reaction was useful to 
study the possible mechanism of adsorption 
reactions that occur, and this data can be 
used to measure the performance of the 
adsorbent in the adsorption process. 
 
METHODS 
1. Materials  
FeCl3 · 6H2O (Merck), FeSO4 (Pudak), 
NH3 25% (Merck), oleic acid/OA (technical), 
Ethanol 98% (Merck). The ingredients for 
coating Fe3O4 include Na2SiO3 (technical), [3 
(2-Aminoethyl amino) propyl] Trimethoxy 
silane (Aldrich), methanol 97% (Merck), HCl 
37% (Merck) to study the reaction kinetics 
used: CuSO4 · 5H2O (Merck), K2CrO4 (Pudak), 
KCl (Merck), potassium hydrogen pthalate 
(Merck), and KH2PO4 (Merck), KH Pthalate 
(Merck), NaOH (Merck) and demineralized 
water (Brataco).  
2. Synthesis of Fe3O4 coated C18  
 Synthesis of Fe3O4 coated with Oleic 
Acid using the sono-coprecipitation method 
was carried out by weighing 0.02 mol of FeCl3 
·6H2O, and 0.0138 mol of FeSO4 · 7H2O 
dissolved in 60 mL demineralized water 
under N2 gas flow. 25% NH3 3.5 mL was 
added to the system quickly, of 1000 mg of 
oleic acid solution that was put into solution 
and cultivated for 1 hour. The solution was 
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then rinsed with distilled water and ethanol, 
then dried at > 80 oC 
3. Synthesis of Fe3O4/C18/SiO2/[3(2-
Aminoethyl amino) propyl] Trimethoxy 
silane 
0.5 g Fe3O4/C18 is washed with 5 mL 
dilute HCl in 10 mL methanol. With the principle 
of the sol-gel method, add [3(2-Aminoethyl 
amino) propyl] Trimethoxy silane and Na2SiO3 
were the stirring processes for 3 hours.  
The solution was treated for 24 hours 
and washed again with aqua bides. The 
residue was separated by an external 
magnet, dried at temperatures > 80 °C. 
4. Characteristic of Fe3O4/C18/SiO2/[3(2-
Aminoethyl amino) propyl] Trimethoxy 
silane 
Testing the crystalline diffraction 
patterns of Fe3O4 and Fe3O4/C18/SiO2/[3 (2-
Aminoethyl amino) propyl] Trimethoxy silane 
to see the successful synthesis was carried 
out with X-Ray Diffraction (XRD). Particle 
composition can be analyzed by using Scanning 
Electron Microscopy-Energy Dispersive X-
Ray (SEM-EDX), while the particle size can 
be predicted through Transmission Electron 
Microscopy (TEM). Adsorption testing was 
performed with Atomic Absorption Spectroscopy 
(AAS). 
5. Adsorption Kinetics of Cu2+ and Cr6+ 
Adsorption kinetics model in this study 
was conducted by optimizing the pH of the 
two solutions of Cu and Cr are at pH 
1,2,3,4,5,6 and 7 at a concentration of 20 
ppm. In the next stage, the adsorption 
process was carried out with different contact 
times at 15, 30, 45, 60, and 75 minutes for the 
study of adsorption kinetics at a concentration of 
30 ppm. Kinetic modeling is done by 
Lagergren first-order kinetics model [16], and 
McKay & Ho kinetics model [17]. The 




The equation for the Pseudo Second-





Where k1 is the pseudo-order 
adsorption rate constant, k is the pseudo-
order second rate constant, qe is the number 
of ions adsorbed at equilibrium, and qt is the 
number of ions adsorbed at Table 1.
 .  
Table 1. Synthesis of  Fe3O4/C18 and Fe3O4/C18/SiO2/[3(2-Aminoethyl amino) propyl] Trimethoxy 
silane  
Synthesis Fe3O4/C18 Weight (g) 
Synthesis of Fe3O4/C18/SiO2/[3(2-
Aminoethyl amino) propyl] 
Trimethoxy silane (g) 
Weight (g) 
1 3.1612 0.5 0.7282 
2 3.3831 0.5 0.7191 
3 3.3236 0.5 0.7311 
4 3.2342 0.5 0.7321 
5 3.2126 0.5 0.7224 
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RESULTS AND DISCUSSION 
1. Characterization of XRD Material 
Fe3O4/ C18/SiO2 / [3 (2-Aminoethyl 
amino) propyl] Trimethoxy silane 
Synthesis of Fe3O4/C18 was carried 
out by the sono-coprecipitation method by 
reacting FeCl3 with FeSO4 under alkaline 
conditions, which was assisted by ultrasonic 
waves. The result showed a black Fe3O4/C18 
crystal was suitable with stoichiometric 
calculations. Furthermore, the coating SiO2/ 
[3 (2-aminoethyl amino) propyl] Trimethoxy 
silane with the results of brown crystals. The 
success of the coated was shown by 
increasing the mass of the synthesis results 
shown in Table 1. 
The identification process to determine 
the success of Fe3O4 crystal synthesis was 
done by looking at the weight of the synthesis 
results from each treatment. The first 
synthesis was carried out by comparing data 
5 times from the results of Fe3O4/C18 
synthesis compared with theoretical calcula-
tions. For once, the synthesis, according to 
the result, when it was converted into 
stoichiometry calculations, was 0.0138 mol. 
This is the same as the number of moles of 
FeSO4.7H2O salt, which is 0.0138 moles. 
According to calculations, there was ± 
0.006 mol of Fe lost during the synthesis 
process. Therefore, the adsorbent was 
wasted very much. Identification of impurity 
material arising from the by-products of 
synthesis was made by comparing the XRD 
characterization data with JCPDS standard 
data. Seeing the possibility that occurred 
during the synthesis process, it needed to do 
the checking of metal oxides that appeared 
as a byproduct or further oxidation of Fe 
material. The data showed that there was a 
pollutant in the form of Fe3O4, which was 
shown by JCPDS #. 



































Figure 1. Fe3O4/C18 diffraction patterns and 
impurity identification 
 
One impurity peak was identified as 
wuestite or Fe2O3 at 2θ (31.96) in accordance 
with JCPDS Fe2O3 standard # 89-7047. A 
comparison of diffraction patterns was also 
conducted on the XRD results with crystal 
Fe3O4/C18 and Fe3O4/C18/ SiO2/[3(2-
aminoethyl amino) propyl] Trimethoxy silane 
based on Figure 2, it was seen a decline in 
the intensity of the previous 950.81 into 771.  




















Fe3O4/C18/SiO2/ [3(2-Aminoethyl amino) propyl] Trimethoxy silane
  
Figure 2. Comparison of diffraction patterns 
Fe3O4/C18 and Fe3O4/C18/SiO2/[3 (2-
Aminoethyl amino) propyl] Trimethoxy 
silane 
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2. A Functional Testing Groups on material 
Fe3O4 / C18 and Fe3O4/C18/SiO2/ [3(2-
Aminoethyl amino) propyl] Trimethoxy 
silane 
Functional group analysis to see the 
success of coating of SiO2 material and 
propyl [3(2-Aminoethyl amino) groups 
Trimethoxy silane was performed by Fourier 
Transform Infra-Red characterization, through 
the appearance of different fingerprint based 
on each functional group. 
The FTIR spectrum was used to 
determine the modification of the functional 
group [3(2-Aminoethyl amino) propyl] 
Trimethoxy silane by looking at the appear-
ance of a fingerprint pattern that resulted from 
5 times synthesis. Based on the spectrum 
showing almost the same pattern, based on 
the results of the FTIR spectra Fe3O4/C18/ 
SiO2/[3 (2-Aminoethyl amino) propyl] 
Trimethoxy silane, It was seen several 
absorption bands of the synthesis of the 
Fe3O4 core that is in 1527 and is an 
asymmetric vibration group (COO-), 1720 
shows C=O stretching, while at number 2854 
is the symmetry vibration of CH- and 2924 
cm-1 is the asymmetric vibration of CH2 
originating from the oleic acid group [18]. 
Synthesis of Fe3O4 with the oleic acid 
protective agent that is bound to the surface 
of Fe3O4 is explained by the formation of the 
bond between the Fe group COO- predicted 
wavelengths in the range of 1720 to 1527 cm-
1 [19].  
Interaction between carboxylate heads 
and metal atoms was divided into four 
categories: monodentate, bidentate bridges, 
bidentate chelating, and ionic interactions. 
The difference between the asymmetric 
vibration (COO-) and the symmetry vibration 
(COO-) is used to strengthen the explanation 
of the type of interaction between the 
carboxylic group and the metal atom. If the 
value of Δ is between (200-320 cm-1) then it 
is possible that the interaction that occurs is 
monodentate interaction, whereas if the price 
Δ (<110 cm-1) is the result of the interaction of 
chelating bidentate and in the range (140-190 
cm-1) is bidentate bridge interaction—shown 
in Figure 3. The price of Δ (1720-1527 = 193 
cm-1) indicates their bidentate bridge 
interaction between the carboxylate head of 
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Figure 3. Fe3O4/C18/FTIR Spectra Pattern 
SiO2/[3(2-Aminoethyl amino) propyl]  
Trimethoxy silane five times the result 
of the synthesis 
 
The successful synthesis of 
Fe3O4/C18/ SiO2/[3(2-Aminoethyl amino) 
propyl] trimethoxy silane crystals is shown by 
the appearance of a sharp main absorption at 
1040 cm-1, which is the Si-O-Si bond that is 
predicted to cover Fe3O4[20]. Uptake of OH 
groups originating from silanol and N-H 
groups is possible to overlap at 3425 cm-1, 
while the characteristics of NH2 groups 
derived from the ethylene function group of 
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diamino are at wavenumbers 1542 to 1654 
cm-1[21]. 
3. TEM and SEM-EDX Fe3O4/C18/SiO2/ [3(2-
Aminoethyl amino) propyl] Trimethoxy 
silane 
Paramagnetic Fe3O4/C18/SiO2/[3(2-
Aminoethyl amino) propyl] Trimethoxy silane 
was further characterized by using SEM-EDX 
to see the shape and size of uniformity of 
particles and their constituent compositions. 
Based on Figure 4, the result of 
Transmission Electron Microscopy measurements 
showed long and small crystal beams, which 




Figure 4. (a) TEM Fe3O4 / C18 (b) TEM Fe3O4/C18/SiO2/[3(2-Aminoethylamino) propyl] 
Trimethoxy silane, (c) SEM image 2000X and (d) Energy Dispersive-X Ray of Particles 
Fe3O4/C18/SiO2/[3(2-Amino ethylamino) propyl] Trimethoxy silane 
 
Sizes below 50 nm. After coating SiO2 
/[3(2-Aminoetilamino) propyl] Trimethoxy 
silane, the size still showed the same thing 
below 50 nm, but there is a change from cube 
crystals to spherical or aggregated spheres. 
This was supported by scanning surface 
morphology particle using Scanning Electron 
Microscopy, which showed a fairly uniform 
size with a small particle size in the form of a 
sphere, although there were some 
aggregations forming a large sphere. Based 
on EDX data, it can be said that the synthesis 
of Fe3O4 / C18 / SiO2 / [3 (2-Aminoethyl 
amino) propyl] Trimethoxysilan was successfully 
carried out in the presence of 13.49% Fe 
content, C 25.51%, N 8.58%, O 43, 59% and 
Si 5.87% which are the largest constituent 
components of particles[22]. 
4. Kinetics of adsorption of Fe3O4/C18/SiO2/ 
[3(2-Aminoethyl amino) propyl] 
Trimethoxy silane against Cu2+ and Cr6+ 
ions  
Adsorption kinetics study has been 
done by studying the adsorption at various 
pH variations first that were expected to 
Optimize the adsorption results. Based on 
Figure 5, it appears that Cu has the best 
adsorption at pH 7 because at that pH, Cu is 
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 Various pH adsorption Cr(VI)
 
Figure 5. Optimization of pH of adsorption 
solution Cu2+ and Cr6+ 
 
The best adsorption of Cr was shown 
at acidic pH, which indicated that Cr was in a 
negative species. When the pH is between 0-
5 Cr (VI) ion 80% is in the form of HCrO4- and 
the remaining 20% is in the Cr2O72- species 
[24]. NH3 and NH2 groups are protonated into 
NH3+ and NH2+ so that the Cr ions in the form 
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Figure 6. Graph of the kinetics model pseudo  
first-order adsorption of Cu2+ 
 
 












Figure 7. Graph of the kinetics model pseudo 
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Figure 8. Graph of the kinetics model pseudo 
first-order adsorption of Cr6+  



















Figure 9. Graph of the kinetics model pseudo 
Second-order adsorption of Cr6+ 
 
The modeling results showed that the 
Cu adsorption kinetics in the solution system 
at pH 7 followed the pseudo-order 1 
(Lagergreen) model with good linearity. If 
observed from the adsorption process that 
occurred H2O acts as a solvent whose 
concentration is concentrated, and the 
concentration of H2O and H+ in the solution 
system was kept constant, because the 
volume was too large, the contact between 
the adsorbent particles with the adsorbate will 
be smaller so that it would affect the course 
of the adsorption process. This showed that 
the zero-order adsorption of H2O and H+, so 
that it can be said that the adsorption runs 
according to pseudo-1st order (Lagergren). 
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Table 2. Kinetics Model of the Fe3O4/ 
C18/SiO2/ [3(2-Aminoethyl amino) 
propyl] Trimethoxy silane) adsorption 
model for Cu and Cr 
Kinetics Model Adsorption rate (k) R2 
Pseudo orde-1 Cu 0,0333 min-1 0,7578 
Pseudo orde-2 Cu 0,00105 gmM-1min-1 0,4283 
Pseudo orde-1 Cr 0,0887 min-1 0,954 
Pseudo orde-2 Cr 0,00536 gmM-1min-1 0,996 
  
The results of Cr adsorption kinetics 
modeling showed linear results with the 
pseudo-order 2 (McKay & Ho) kinetics model 
with high linearity. The second-order pseudo-
adsorption rate constant is a type of chemical 
adsorption, so it was possible to try to model 
the adsorption data in the intraparticle diffusion 
model according to Pseudo-first order. 
Interparticle diffusion modeling occurred 
through three stages, the first stage of 
surface adsorption that occurs very quickly, 
the second stage of gradual adsorption, and 
the third is the equilibrium adsorption that 




Aminoethyl amino) propyl] Trimethoxy silane 
has been successfully carried out. Coating of 
the amine group which is a source of electron 
donors. The success of the synthesis of 
Fe3O4/C18 cores can be clarified by XRD 
characterization. While SiO2 and the [3(2-
Amino ethyl amino) propyl grouping 
Trimethoxy silane were shown through FTIR 
analysis with the appearance of the 
fingerprint band characteristic of the NH2 
group derived from the ethylene function 
group of diamino at the wavenumber 
1542cm-1. The size of the synthesis material 
indicates the size of the nano. The 
composition of the material also shows the 
presence of elements C, N, O, and Si. For the 
kinetics of adsorption of material against Cu 
according to the pseudo order one kinetics 
model with an adsorption rate of 0.0333 min-
1, while for Cr in accordance with pseudo-
order-2 with an adsorption rate of 0.00536 
gmM-1min-1.   
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